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MEASUREMENT OF IONOSPHERE TEMPERATURE STARTING FROM
THE VIBRATION SPECTRUM OF THE TRANSITION
N *Ir > A *X* OF THn A10 MOLECULE *

Tasrk, wks ENVCC/SH froue

Comp%&e Ren%yesée~ by Bernard Authier,
_ATAcadémie—des Sc%ggeesw Jacques Blamont,
i)

Guy Carpentier,
Michel Herse.

We have described in a preceding Note an experiment con-
cerned with the explosion of a charge of 58 kg of exogenous tolit
at 170 knm altitude at twilight of 24 May 1962 [1]**,

Aside from the three spectra obtained with the aid of a
REOSC spectrograph (Fig.l), which served to determine the tempe-

' rature of the AlO-cloud formed (1], we took the following five
exploitable spectra (Fig.2) ona Kodak plate 103 AF by means of
a 8GO -spectrograph with glass prism (£/0.7):

°

Spectrum Beginn.of exp. End of Exposure
B s 6 v eve 0in H + 1 m 30 s H + 2m 30s
- 2 30 3 30
F arcszis . 3. 30 & 30
- P L 30 5 30
9 weseessie 5 30 6 30

These five spectra, as well as the preceding three, calibra-
ted photometrically with a Barbier wedge and spotted in wavelength,
allow the study of the vibration spegtrum of the transition

_ X8> A®* 5f the molecule Al0.

—

* Mesure de la température de l'ionosphere a partir du spectre de
vibration de la transition X 2%+ -3 A 25* de 1z molécule A10.
[Note présentée par M., Jean Coulomb] ' : :
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le recognize in Fig. 2, near the atomic lines of Al [I]
e . " - i
at 6696 A and NalIl at 5893 A, and of the sequence AV == w 2
of A10 at 56350 & oi little intensity, the following sequences
appearing iu both srectras .
I . 1. IV,
6 e 7, X ) (RO N . e, A
o . . A
j o D=3 5123 O 855 C ‘f : :9: 3 /;g,:if
- M . i US4 - of QO
lb Sa-2 Dion M=o ‘ =t FOUL o A= { 4 oY

¢ o0 4852 Lo~ 462
{10 048

Avz=—1

¢ O~ -')()79

Theoretical iAsvecti of the Method. - ‘then the fluorescence

of a molecule is excited by solar 1lisht, the luminous intensity

of an excited band (¢’ ¢”) , of average frequency V.. is expressed by

/l Vi, ",,L;'r ( l”) ])(v’. ) yf:,,:‘,») ,

%' 2
ZI)(,J' ) V(,,:",u)

o

T, m

g (') is the rate of population of levels ¢' whigh depends on
Franck-Condon factors Pw.., , on the distribution N ( ") of mole-
cules in the vibration levels of the fundamental state and on the
exciting solar radiation ©,. ., , only cause of excitation since the
observed cloud disappears frouvthe moment it enters the Farth's
shadow :

AN L ‘
e (V) e N (o) LDy
":( ) / ( ) Vo @(l". ')
[Cad .

N (v") obeys the Boltzmann law, provided the average time separating
two fluorescence processes for one molecule is sufficient for its
reaching the state of ecuilibrium with the medium. The study of
cloud's brillance and conditions of A10 formation ( which appears
during the first two seconds following the explosion) shows that
this average time is ranging between 2 and 10 sec (20‘ to 200
impacts) which is sufficient for reaching the thermal equilibrium,
If tﬁg:é%cited state lLZZT*is not populated by a transition ﬁt%mmimg

from a superior electronic state — namely the transition BY -+ A S+



observable between 7900 ard 8700 A (W, M. Goodlett {3] refers
to it as being 20 times less intense than the traneition X ¥+ — A 8+,
- and if, on the other hand, the molecules have no time to chanze the
vibration level in the excited state, which does not take place indeed,
for the lifetime of the excited state (10'8 to 1077 sec) is too
short, g (V) will be given by the equation (2). ‘
Under these conditions the intensity ratio of two, or of
one set of lines of same rotation index, pertaining to two different
bands, will only depend on temperature. |
Our spectrographs' separating power (1.5 A for the REOSC
and 10 K. for the SGO) allows the comparison of only bénd heads ®
intensity. In order that such comparison make sense, it is necessary
that the band head "composition'" for the same resolution be identical,
i, e, that the index M.y OF the retrogression line, just:as the dig=
tance Av separating the center of the band head, be practically
constant. This condition is fulfilled for a secuence as the examinas
tion of the Fortrat parabola indicates, We shall therefore compare
the band head intensities belonging to the same secuence., The study
"of tlhe Condon parabola in the Deslandres diapram indicates that the
sequences Av= +1 and A= —1 are best adapted for that compari-
son. These sequences' bands offer the advantage of not overlapping.
We shall thus compute the populations of the vibration levels of the
fundamental state, of the excited state, and then the intensities
3 of the fluorescence bands of the sequences &W = +1 and AV= — 1L,

which we shall compare with those corresponding to our spectra.

Calculation of Band Head Intensities of the Seguences
M=1+1 and Av=—x1

The population. N (v") of a level v'" of the fundamental state
ratio to the level V" = 0 of that state is computed by applying the
Boltzmann law :
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where G (v"') ir the end woint of vibration energy of the level v .
The population's g (v') rate of a levelwv' of the excited
level AZ2EY is given by the equation (2) where the Franck-Condon
factors pww ~re known [4], just as is the mean exciter solar intensi-
ty O civen by Chzalonge [51. A great number of lines contribute
to the intensity of a band head and the examination of the "Atlass
d'Utrecht”, just as the coincidence of the rosults obtained with
our two spectrographs of different resolutions., authorize us to
neglect the effect of Fraunhofer lines.
Vie then may compute the total fluorescence intensity of a
band after (1). By bringing to 100 the intensity of the bands 1 -0
and 0 —1, we have coumputed the relative intensities of the diffew
rent bands of the sequences OV= + 1 and AVv= =1 for various temve-

ratures :

Sz Adp=—1.
¢ e 0, GO0 K. 00K, SN K, G00°K. ¢ GOOCK.  TO0K. 800"K. 900K .
i-0..... oo 100 1o0 oo O- i..a... 100 100 100 1O0
2l 33,7 398 43,8 NS T T 39 50,4 34,4 564
B T 8.0 10,4 12,4 19,6 R SN 1,y 16,8 19,7 29,3
iR 0,2 0,06 0, gN 1,94

In. this tempverature range, the sequence Qv= + 1 colier the
greatest intensity veriastions with temperature; we shall thus select
it for our measurements, the sequence Av= — 1 not vermitting to
check the method. The studied band heads having the saﬁe composition,
their intensity is a constant fraction of the total intensity of the
band.

Measurements., -~ The band heads' intensity retio i and &1

gives one temperature; our spectra allow us above all to compare i

and g and also i and f. We thus have three possible measurements

for the same spectrum.,



The aggregate of our spectra gives a nean temperature of
750 X 1500 K without systematic deviations of importance, function
of the spectrograph or of the hznd heads compared, The first s ectrum
taizen in the explosion, gives a higher temperature (950° K). The

study of the rctation spectrum provided us with a result quite closs.

st THE END #4x%

Translated by ANDRE I, BRICHANT
for the 7
NATTONAL, AERCNAUTICS AND SPACE ADMINISTRATION

23 July 1963
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